The global and national burden of communicable and noncommunicable diseases continues to rise, thus making access to Healthcare workers (HCWs) colonized with methicillin-resistant Staphylococcus aureus (MRSA) may pose transmission risk to vulnerable patients including neonates. This study reports an MRSA outbreak in a level-II neonatal intensive care unit (NICU) of a secondary care hospital in Pakistan. Once identified, an infection control team from the parent hospital visited the facility, risk factors were listed and infection control measures taken to control the outbreak. Screening cultures of NICU staff and environmental cultures from NICU were obtained for the presence of MRSA. Five neonates were positive for MRSA; one HCW was found to be colonized with MRSA, the antibiogram pattern of which matched with that of the outbreak strain. Decolonization of colonized HCWs and re-deployment from NICU to outpatient department were taken and the outbreak was declared over once no further MRSA cases were identified. Identification of an outbreak situation is the cornerstone for its control and multiple measures taken simultaneously help in curbing the outbreak. Although an epidemiological link was established with the HCW, a molecular link could not be proven.
Introduction
Neonatal intensive care unit (NICU) patients are at high risk of acquiring colonization and infection by Methicillin-resistant Staphylococcus aureus (MRSA) (1) . MRSA in NICUs was first reported in 1981 (2) ; since then, the organism has been reported regularly in this age group and several outbreaks have been reported globally (3, 4) . Hospital-acquired MRSA infections in neonates can cause a variety of diseases including blood stream infections, meningitis, brain abscess, pneumonia, osteomyelitis, infective arthritis, skin and soft tissue infections, conjunctivitis and endocarditis, and leading to serious morbidity and mortality. The role of health care workers (HCWs) has been cited in the nosocomial transmission of MRSA (5) and poor infection control practices have also been implicated in its acquisition and transmission (6) . Routine decolonization of asymptomatic HCWs is not recommended unless they have been identified as a source of an outbreak (7) . There are several other studies that report cessation of nosocomial MRSA outbreaks after proper decolonization of HCWs (8) (9) (10) . This is a report of an MRSA outbreak in a neonatal care unit of a local secondary care hospital during the period 6 November to 31 December 2013. The source of this outbreak was traced to a HCW and the aim of this observational study is to highlight the importance of implementation of infection prevention /control measures and limitations for controlling an outbreak.
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Outbreak report

Setting
The MRSA outbreak occurred in a secondary care hospital of the Aga Khan University Hospital (AKUH), Karachi, Pakistan. The facility conducts around 3000 deliveries annually. The hospital has 45 beds in total with level-I and -II neonatal intensive care units. There are about 600 admissions to the NICU annually. Level-II NICUs provide care to neonates of ≥ 32 weeks or ≥ 1500 g that have physiological immaturity or neonates that are moderately ill with problems that are expected to be resolved. Level-I NICUs provide neonatal resuscitation at every delivery and care for neonates born at 35-37 weeks that are physiologically stable.
The level-II NICU of secondary care hospital comprises a single room with one entrance/exit door, used by both mothers and HCWs. A small feeding area where mothers feed their babies is also present in the same room. Because of limited space, there was often overcrowding. There are three incubators and two cots in the NICU and has the capacity of admitting five neonates in total. However, because of limited beds and increased Report load, this number is often exceeded resulting in a mismatch between patient and nurse numbers. Neonates are fed as required and bottles and the weighing machine are disinfected during every shift. Diapers are changed as required.
Staphylococcus aureus was grown on chocolate and sheep blood agar (for blood culture and pus specimen) or cysteine lactose electrolyte deficient agar (for urine specimen). Growth characteristics and colony gram stain were observed. Catalase and slide coagulase tests were performed for preliminary identification followed by tube coagulase according to the standard protocols (11) . Susceptibility testing was performed as prescribed by Clinical and Laboratory Standards Institute (12) . The outbreak included a total number of five neonates whom cultures were positive for MRSA.
Index Case
The first neonate was born on 4 November, 2013, in the secondary care hospital by elective caesarean section at 38 weeks due to history of previous caesarean section and gestational diabetes mellitus (mother on insulin). The neonate was shifted to NICU due to transient tachypnea of newborn and grunting; blood culture was sent, which grew MRSA.
The second neonate was admitted the next day (5 November) at 48 hours of life because of jaundice, and had been delivered vaginally at term. Urine culture that was sent as part of workup for jaundice and sepsis was found to be positive for MRSA.
The third neonate was admitted on 21 November, 2013, from a clinic at 48 hours of life because of fever, and had been delivered vaginally at term in hospital and was discharged home on first day of life. In this neonate, MRSA grew in urine culture.
The fourth neonate was admitted on 23 November, 2013, at 26 hours of life because of jaundice and had been delivered vaginally at term and also had MRSA positive in urine culture.
The fifth neonate was delivered by elective caesarean section on 20 November, 2013, and was kept in a wellbaby nursery for three days. This neonate was admitted on fourth day of life to the nursery due to fever and excessive crying. The neonate developed intravenous catheter site abscess and a pus culture was sent and reported positive for MRSA.
Initial suspicion of outbreak was made when urine culture of 2nd neonate was reported positive on 7 November, 2013. At this point, in addition to the standard protocol of isolation of colonized or infected neonates, other immediate infection control steps were implemented by nursery staff including strict adherence to hand hygiene by alcohol-based hand sanitizers or soap and water. A check was put on traffic control in the nursery allowing only parents of admitted neonates. Doors were kept locked so that no-one could enter without permission in the nursery, operation theatre and labour room. Protocols were re-emphasized for terminal cleaning of all patient care areas.
On 21 November, 2013, the urine culture of the third neonate was reported positive for growth of MRSA and within 4 days the 4th and 5th neonates were also found to be culture positive. At this point infection control committee members visited the nursery, labour room and operation theatre from which environmental cultures were taken. The rest of the neonates admitted in the nursery were also screened for MRSA during the period of outbreak investigation. In addition, the entire nursery staff was screened. Specimens were taken from their nares, hairline and hands. Extensive training of housekeeping staff, including cleaning of surfaces and frequently touched areas, was stressed. Strict infection control measures were taken during the outbreak and were followed up thereafter. Paramedical staff and physicians of NICU and wards were reinforced to follow proper hand washing techniques and frequency of hand wash as per WHO recommendations (13) .
Already sick neonates had priority care and new admissions to NICU were suspended until discharge of currently admitted neonates. All neonates with a culture positive for MRSA were placed under contact precautions and isolated to avoid further spread. As the neonates were already on vancomycin, which was changed on the basis of culture report, none deteriorated and were discharged home in a stable condition. On follow-up visits they were found to be healthy.
Additional measures implemented included avoidance of overcrowding. To facilitate this, admission has now been limited to its capacity, number of alcohol based hand sanitizers had been increased and placed in between each incubator, and a fixed time had been designated for visitors.
All screening cultures from other admitted neonates as well as environmental cultures were found to be negative. MRSA was detected in nasal cultures of one nurse while remaining staff cultures were found negative. The susceptibility pattern of the MRSA isolated from the HCW was in concordance with the susceptibility pattern of outbreak isolates derived from clinical samples of five neonates ( Table 1 ). The HCW was recommended to have decolonization therapy, which included a fiveday course of mupirocin nasal ointment twice a day and daily chlorhexidine bath. She was moved from the nursery to the outpatient clinic, which is considered as a low risk area with minimal patient contact. After the decolonization course, a nares sample was cultured as evidence of clearance from MRSA colonization, which took place 10 days after decolonization therapy and was found negative and the HCW was allowed to carry on with regular duties. The outbreak came to an end after taking all these collective measures and no further cases have been reported since (Figure 1 ).
Discussion
This MRSA outbreak in a neonatal level-II nursery had been linked to the MRSA colonized HCW. Although molecular typing of MRSA isolate from neonates and staff Report could not be performed, this remains a plausible explanation as no further cases were reported after the HCW was identified and removed temporarily from direct dealing with patients. Furthermore, the antimicrobial susceptibility pattern of MRSA isolated from the HCW also matched with the MRSA isolates from the neonates.
The epidemiology of MRSA in NICU can be extremely complex because outbreaks can overlap endemic circulation, and tracing the transmission routes is therefore considered to be challenging (14) . NICU surveillance data for 2013 shows two MRSA isolates during the second quarter (1.8% out of 107 cultures sent), reflecting the possibility of endemic circulation (Figure 1 ). However, a sudden rise in the number of MRSA cases during the fourth quarter of 2013 (5 MRSA cases [4.7%] out of 106 culture requests) would fit with an outbreak definition.
Among five MRSA culture positive neonates, one had growth in blood and one in pus aspirate, which was collected from the catheter insertion site, while three neonates had MRSA growth in urine. The clinical condition of first and fifth neonate was consistent with Report MRSA sepsis (supported by blood and pus aspirate culture results). In the remaining three cases, the blood culture was reported negative while urine culture grew MRSA. These three neonates were discharged after a short stay in NICU; therefore, evidence for the MRSA sepsis was weak.
Although difficult to prove in retrospect, the positive urine cultures might represent contamination of specimen during collection from the colonized perineal area of neonates. Blood cultures for all three were negative. For the neonate testing positive for MRSA from the blood culture, it could be due to colonization followed by entry into the bloodstream through a minor break in the skin or through colonization of the respiratory tract. Although colonization was a possibility for neonates that had only a positive urine culture for MRSA, vancomycin was added to their treatment regimen.
The literature indicates that in multiple outbreaks, HCWs have been involved in the transfer of MRSA to patients. A review article reported mean nasal MRSA carriage of 4.1% among hospital staff in 104 studies. Furthermore, the same review also described transmission of MRSA from HCWs to patients. One hundred and six studies were evaluated, from which 27 studies demonstrated clear molecular evidence of MRSA transmission from HCWs to patients, while 52 studies where typing was not performed, transmission was considered likely (5) . Similar to the current report, there are several studies that have reported cessation of an outbreak after proper decolonization of HCWs; however, effects of other simultaneous infection control measures could not be ruled out (8) (9) (10) .
Risk factors for MRSA carriage in HCWs include cutaneous lesions or conditions such as dermatitis, eczema, sinusitis, rhinitis, chronic otitis externa, etc. Work-related factors include work experience, area of service (e.g. medicine, surgery, long-term care facilities), employment in areas where MRSA is endemic, close contact with patients (e.g. wound contact), poor infection control practices (e.g. poor hand hygiene), and high work load. Decolonization with mupirocin ointment in an outbreak setting is recommended for HCWs carrying MRSA (7) . In the current study the colonized HCW was treated successfully with mupirocin nasal ointment along with chlorhexidine baths. Mupirocin susceptibility testing was not performed for this outbreak of MRSA isolates. However, previously published data from AKUH clinical laboratory show low minimum inhibitory concentrations for MRSA isolates against mupirocin, which helped predict the treatment response in this case (15) .
Recommendations
We could only establish an epidemiological link of the outbreak with the colonized HCW. Typing of MRSA strains could not be performed and thus a molecular link was not ascertained. It is imperative that infection control measures should be taken prudently at all times. In case of an outbreak, these measures must be re-emphasized and environmental cultures should be taken along with screening of the HCW.
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Flambée épidémique de Staphyloccocus aureus résistant à la méthicilline dans une unité de soins intensifs néonatals Résumé
Les agents de santé colonisés par le Staphyloccocus aureus résistant à la méthicilline (SARM) peuvent poser un risque de transmission aux patients vulnérables, y compris les nouveau-nés. La présente étude fait état d'une flambée de SARM dans une unité de soins intensifs néonatals (USIN) de niveau II d'un hôpital de soins secondaires au Pakistan. Une fois identifiée, une équipe de lutte contre l'infection de l'hôpital mère a visité l'établissement, y a dressé la liste des facteurs de risque et pris des mesures pour endiguer l'infection en vue de juguler la flambée. Des cultures de dépistage sur le personnel de l'unité de soins intensifs de néonatalogie et des cultures environnementales de l'USIN ont été obtenues pour détecter la présence du SARM. Cinq nouveau-nés étaient positifs au SARM ; un agent de santé a été colonisé par le SARM, dont l'antibiogramme correspondait à celui de la souche de la flambée. La décolonisation des agents de santé colonisés et leur transfert de l'unité de soins intensifs néonatals vers le service de consultation externe ont été réalisés et la flambée a été déclarée terminée lorsque aucun autre cas de SARM n'a été identifié. L'identification de la situation de la flambée est la pierre angulaire de l'action de lutte et de multiples mesures prises simultanément aident à enrayer la flambée. Bien qu'un lien épidémiologique ait été établi avec l'agent de santé, un lien moléculaire n'a pu être prouvé. 
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